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1020010073283 o^^,.: 2001/12/26 

#el-^e ■§-'3(Surface Plasmon Resonance : SPR)-i- ol^s|.ci^ 

^T-^i- 41<H] l-A^o) ^(active ion)ol ^-R-^J MVsj-o] £45. 

(waveguide)SAl <a^f^<Hl 3|«fl '^7]^o] ^^^:^o] 

(upconversion)^^^'«| 'aA).:t<H) Hlafl ^4^^ ^^tb^. ^l^^l SPR4 

5. 6 
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1020010073283 <a^>: 2001/12/26 

{Waveguide-plasmon resonance sensor using upconversion of active ions and 
imaging system thereof} 

S. l-e- l-el-^-S- (Surface Plasmon Resonance : SPR)* <^l**>fe- 
S. 2^ Al^o^ ^sj.^ ^elsV-SA^ SPR ^^i* <^l-§-sM 

£ 3^ £ isl SPR -i^i^ 7ll'«d^ «ef^-&-£3l-S (Coupled 
Plasmon-Waveguide Resonance : CPWR) -{jl-H^ "a^^?! ^2^9 M-^l-'dicf. 

:£ 4fe Aj^S^ ^^1- ^eJsV^Ai CPWR ^A]^ ol^sH ^^t!: ^ 

:£ 5a^ -B-^^1 ^'-^ -^^17> c1-€- CPWR ol-§-*]-<=i ^A}. 

S. 5b^ -fi-^^1 ^1-^ ^^17> CPWR ^A^l- ol-g-efo^ ^-^^^ *^ 
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1020010073283 #^ 2001/12/26 

(Active Ion-Doped Waveguide-Plasmon Resonance : AID WPR) -i-M^ n^SiM: 

£. 7^ Tm^+sq- Er3+2^ -HlM^l ^ r^^^-^l 7l^# i4Eftfl^ £^<*lcf. 

£ Safe ^l^sl ^^1- ^elSV^Ai 6Sl AID WPR ^M^^^ o)-§-sH 

Tm3+2l 350 nm 'S-^^*^) ^fl^l-f- '^^>^}^o\] nfls|-a) S-Aj^V 

£ 8bfe 5. SaS] -a-^^* ^cfl^ 

£. Scfe 5. 8b<Hl^1 "a^V^^ "a^l-zl-o] 61.5245°?! ^4-1- M-Ef-fl ZLSfl^o] 

4. 

5. 9afe- ^lS2j ^el*>^A^ 5. 6S) AID WPR <^1-g-sH 

#^?!- Er3+S] 550 nm ^y-^^o] ^7]^ <?3^>^2] <JlA>z]-o)l tflsj-c.^ 

S. 9bfe £ 9a3) -a^^* ^cfl^ £'a<^14. 

S. 9cfe S. 9b'^l-^i 'S'^V^sl ^Aj-z^-o] 61.5511°?! ^-fl- ^eI-'^ zisfliEol 

£. 10-g- -g- ^^Si\ ^X\di\o\] tc|-s. AID WPR* c-l-g-^ o]B);^i Ajiu^s^ 
1- uj-El-vflcl-. 

110 : 122 : £^1 
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1020010073283 ^^ o^^y, 2001/12/26 

123 : 130 : 

139 : 140 : 

170 : -B-^^ 171 : S^^^o]^ 

^^1 ^'^i °l-8-5>^ -a^i ^ -^jA-^o^ o]^^ 

t^ln];?! Alison ^0)4. 

'=22> s.^ *2l-^&(Surface Plasinon)^]^ S.^] K^, ol^Efl^ ^ 

■a* tcj-ei-Ai <y=;^)-2i-^ oifif ^a-^ i-ei-^^s. 

^, S.el#a!)- -fi-^Dfl^KDielectric medium)* -^-^^11^121 -aTflz]- ol^y- 

5.^ 1-Bf2i^ ^i^CSurface Plasmon Resonance : <^]i} SPR)o]^ ^cf. SPRo) 
^<=^M-^ 'a^>^Sl "a^V^I-, ^ ^^z^-^ #^o| ^jj. 

'HI Dfl^ ^?}-S>c}-. SPR ^A^fe ojelt!- <^l-8-«H ai-B)-oIl 

Also] ^3^S^E■1 A]SO] ^ ^VB]-Ol a] £ 
31 ^?^1S ^^sf^ cflol] ol^^c^.. 

<23> £ 1^ SPR -alA-lsl <a«}-^^ ^s, ol=uV Kretschmann^ SPR -gA^* t+Hl- 
HE4. 
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1020010073283 



^ 'a^l-: 2001/12/26 



S. 1^ #Ss>^, SPR -a^lfe 7)^aj O.S. -fr^fl]^l(10)2f SPR# 
^^(22)^S. o]^<>]^ -H-^(U)* i^tvq-. -B-^^fl^](10)^ f-^ BK7, 
SF104 -f-'^t!- -frel ^fl^sl Hl^^ afe ^z]-^ Hel#ol <:>1*€4. 
^ej-(22)-£- ZL -^^fl7l- -f-y- 40 ifl^) 50 nmo]cH ^ ^fe- ^<^lcf. ^l^l?!- 

■n-'^(U)-ar ol^^* ^^±S. 7>^^ 4|:g^(50)ol1 ^]^]^^ , S.^ l" 

^(surface plasmon field) Ml'^l^'.^^l #^1- ^^s) nfl^o] s)^ a] 
S(23)^ -B-^CU)^ ^B^-(22)<H1 ^A'-^n)-. 

303)- 40^ ^1-^(22) ^O-S. <aA>^(3i)^ ^AfsV^ 3L 

^=1<^ Sife- ^-Sdight source)2f, ^Ql-(22) S^AS^fEl hVa]-^ ai-A]-^ 
(39)21' ^11711- =T^^^(Photodetector)ol4. ^€(30)^^^ ^i^^sj 

^1-^1^-1, ^^t^^-l-S.^ (light emitting diode, LED), ife ii)-f^3l-;^tfl<^sl tfjA^^ 
5J LED -f-ol AV^^c^.. 

<aA>^(31) # ^'•B]-(22) S^ofl ig^t!- A^es) tf)El(wave 
vector)2}- s^-f- ^e-]7> -a^l^ nfl sPRo] <a«H'4S-S, 

(10)21 n, "g-^^^ Ore. ^^(22) ^ ^1^(23)21 -B-^^-t-^ ^tz^- 



"^^^^ ^"^^ ^re^ =t"^^ 1S-?-e1 A)^(23)21 -B-:?!* e2«- 

^ Xi^l /•lS(23)2l ^^1- ££fe 71^ ^^#SJ?-Ei2l #^1: ^SI- 



<27> 
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1020010073283 " %^ "U^}- 2001/12/26 

<29> ^^Z^ ^rel- ^-^W ^"y^^- 'S'^^l 

(30)^5. ^(monochromatic light), -^^°1lSil(10)SA-] ji;^:^ ^^f- 
^1 ^A>^(39)s) 2fe ^A>*)1- slfetfl, ole:)^ ig-i^^ 

<3i> l-^ll, ^€(30)^^^-! «Ji-^^(white light) ^ ol^5>al '^^M 

(91- JI^^ ^BflollA^ SPR# ^0.5-)^ j^^^ ^o)..^ o] s^^o^s.^^ ^ 

<32> ^^n, ^-a^^s] ^€(30)* -a^t!: 'S^S -a-?i°ll^l(10)^ 
^^aIt-Iji, =^^^(40)s>| S.^t3^<ASLS. olelloKphotodiode array, PDA) 

c^f' ^H'isl ^ll-g-sH, s1^«(50)# Si<^l ^51- 

(22) a^oflA-l ^A] z^-£ ^^s. ^^^\^<^ M-^fe ^^om<^ -g-^z]- 

flrel- ^1 3 iJ-^ol ^cl-(4zt n)^ 4,889,427^, ^^ 

5,359,6815: ^ ^^ 4,844,6133: 

49-9 



1020010073283 #^ '^7.}: 2001/12/26 

<33> <a*^^5. ^3:^-^^* -^>**M 0re* ^1 1 ^1 3 "J" 

i^o], Af^^M ^^^^ ^^*>fe ^1 2 'S-^ofl 

* S<*1 '^l-S-sH, -a^lS. Biacore>«->2]- Texas Instrument A)-°1lAi ^1 3 'S-'S* 

<34> S. 2^ Al^s^ ^S|S>^A-1 £ IS) SPR €^1* <^1*«M 

H!>A>-fr* <aAl-^sj <aA).z]-o)l cflsM J£A]^ HEflSolc).. £ 2<H1A-1 (1)^ 

7> i-<a (2)fe #s.^E-isi #;ai- ifi^7i- 10-6O1 -ys]^ ai^oi ;g-foij7, 

(3)* #3.-?- El SI #^1- ^3^7} 10-3^ <a^Sl ^^Ojcj.. 

<35> £ 2<^A^ AS. SA]^ -^^31 #3^:a.^. Al^fil ^^1- ^^ofl rt). 

7> 10-6°! ^sis] Aiss ^^El5i* ^ ^ o.oool''2^ ^i^z^- ^m^d)y} Si* 

* ^ ^1 1 ^ 3 -S-^^ ^^21- ^^21 ^ 
, ^5l-Al7^ 1 «j-.go) 2|^:a:(50)^ z^-£ ^«fi^(angle 

resolution) 2)-, <a:§zt-£ ^^^S ^a>^^ ^^^j AS. ^sl]S>^ ^] 3 ^J-'S 

Si PDAS)- >:ijg-.^(4o)sl ^«fl^s) AS 0.0001°<i)T:l-. 

Al, oje^tb 7l^o.S SPR ^A-1^ 10-6 njol-o] 

^2)- £^ oI-=>ll #e1^ ^, ^1-^ S'S lmm2 ^S" ^ pg ^l^o.^ # 

<H1 cfl«flA-1^ ^^2^0.5. ^^l7l- l-7l-^«}- ^ AS. ^S)^ Sicf. 
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1020010073283 ^^ "Q^}: 2001/12/26 

<36> uyoh ojAj-z]-^ z]- Jl^j?!: ^^^^ffe «c]-^* 

65.0304°^ ^ ><\S.^ ^^1- ^s]-^ lO-H tfl^ ^^>#^ ^^(AR)fe 0.03%<^1 
^ ^^IB^ ^^z}- n]^c^ ^^1: ^^^o] ^o1^^ 

^ (Coupled Plasmon-Waveguide Resonance : o]^} 

CPWR) n^^^l- 7ll^^£)5iTq-. i£ 3<Hl^i S. ^^<H1 tfl^l-o^^ 

<3s> :£ 3^ %^3:^>^, CPWR ^Jl^i^ :£ 1^ SPR €^1^ ^^^V^ 

^J^-^^l^l ^^(22)32f Al^(23) ^}o]o\] -^^^1 y}-^(60)ol 

^^^cfCn]^^^ 5,991,488:^ ^^). -ft-^^l ^^^H60)^ ^# SE^ 4* 
^^1: 7}^]^ ^>^t]l, Zl ^M^^ Si02, AI2O3, Ti02, MgF2, ZnS 

-fr^^lS- ^>*^M 400 800 nmoli:^. 7]^^ SPR 

^(surface plasmon wave)fe ^^^1 ^^^(22)^ tcfef ^ 

^51^ tiV^, CPWR ^dl^i^ ^4- ^d^]-^(31)ol ^^^(22) IL^^ n ^ofl £ 

Sife ^^^1 ^1-^60) AfojoijAi 7l#^3^)ol ^^^1 ^v^V(60)# xr^^A^ ^ 
Tr|.slfe ^jl ^Islt!: CPWR ^^^l^ ^^<^l>Hfe 7)^^ SPR 

M-Hj-Vi ^1*^1 ^1-^4 z1-i<^1^1 CPWR ^^^^AK Attenuated 

Total Reflection : ATR) e] 7] (leaky) 
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1020010073283 #^ 2001/12/26 

<39> i 4^ A)^^ ^^1- ^sJ-S 3^ CPWR ^-^-ll- ^ 

^dtb ^^1-%^ ^^f^^l £^1^ ziefl^oluf. £ 4^]^-]^ £ 2^1 

AlSl- ^1-?1:7V^15. (1)^ Al^7V ^-f , (2)^ ^^-^-Bl^ ^^1- ^^7} 10-6 

o] 0]^o^ Al^o] ;§-f 0]J7, (3)^ #^^E-1o^ ^^1- ^^7> 10-3<el A] 

<40> H 4<^lA-1 1: ^ Sl^o]^ CPWR SPR ^>S<^1 wl^>H ^^^^ ^^^7} 

§4. ufe^-A^, 1 ^1 3 «^V^^ o]^^ Al^c^ ^^ofl rj)^ 

^^^^1 7)^^ SPR ^Jl^i^cf -8-o]^^# <^)'^>^ ^ gicf. ^4 
CPWR -^1^^ ^<f* 0.5 pg/mm2 ^ 9X<^ 

7]^^ SPR yj^fl-M 2 ^flx] 4 till ^di^ %>^o^^ 

<4i> nem, £ 4^1^-1 ^A]^ ^^o^ -0-3^ ^1^7} 

#^1- ^s\-7} 10-601 ojojoj Al^^ ^^slSi^ ^ 0.00008°-S] ^xgz]- 
A6')7} XI*^ ^ 9X^. ^ 3^ CPWR ^^fl^i ^^], -Sr^^ol ^ O.OOOP 

91 ^ItiVo.^ ^V7l ^&<^ ^7}^9l #^1: &^fl^ fl^>H^ 

^ 5^^^(50) ^^^(40)^^1 PDA^ ^«1l7V 7l-^f} ^^^^1^ 

^J^^c?-A)^^> ^fe^il, <^]4 ^]^^ S^ll^^i^ 1:7>^^M, 7} 
^M^^ H 7l-:^ol nflo. j77>^ <^l'1^SlH^ -a*^^ ^^^1>^ Wf^^^V 

^1 

<42> n>oT: OjAfZ]-^ <a z]- J7 ^ '^>Bflo]lA-] ^^j^)-^ «o^^* 

61.5665° <a ^ ^1^^ 10-6oil cfl^ aV^l-i:^ ^5^-(AR)fe 0.56%^7]- 
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1020010073283 'U^l- 2001/12/26 

^1 €t!-4. ^s^H. SPR ^^S.^ 14* o]^ ^'^z]-^ -ti^l- 

^Wofl tfl^V ^A)-# ^>aoJ 71^711- ^cflAlflnf^ Dl ^^1- 

<43> ol^^^^s.fe cpwR i^^^^<^]^^ -^^m] -^^^ii- §j=7)i f-^.^**) ^aj-z^-o]) 

tfl«V hVa>^ ^^s. 4.7}.^ ^tfl^ 7]-^*>c)-. n^^T?V rf-S-ofl ^i^sVfe ttV 
fi)- <^l-a-S., CPWR ^A-i-Hl^H -B-^^l -^^II- #^1- 

-£ 5a^ -fh^^l ^1-^ ^^7} A^S. t\-s. CPffR ^A^l- ol^s>o^ ^yg^ HT-A). 
'S'^V^sl ^A>2)-oll tflsrl-o^ aEfl = ol4. s. SaoflA^ (a), (b) ^ (c) 

^ -n-^^I <N1* l-<^ Ti02e]-Sl -^;7ll7l- zj-z)- 138 run, 135 nm ^ 133 nm"?l 

<45> E 5a# ^SSfig, ^'■Bl-'i- 138 nm o)«VS ^=^1 S-^*" ^-f , ^'^l-* 

■¥-;!^l7}- 133 nm<fl ©IS^ 1^ aj-A).^ ^^2] 7l^7l7> ^*l3^ ^^«|) 
^1^. ^A># IJ-^* A>^«- ^-f -fi-^^l ^^^fi) ^7)11- 2:l*>o^ 

#^1- ^«fi^# *j=^Al7]^ O)o])fe tb^l7> -a ^ 

<46> E 5b^ ^T-Bi- ^y?\]7} A^s. CPffR ^Aii- ol-g-sfc^ 

l-^-i-* SJ'^I-^SI <aA).z]-ofl tJ^i^c^ s.^]^ lieflHolcf. £ 5b<^Ai£ £ Sa'flA-l 
a)- D>^7Ms (a), (b) $ (c)fe -^^^] ^B}-, o^]# s-o^ Ti02B]-2] ^^^l7l- zj-zj- 
138 nm, 135 nm ^ 133 nm"?I ^-f » i4E)-hfli:)-. 
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1020010073283 #^ "3^1-: 2001/12/26 

<47> £ 551- ^iS}^. *^-g:^ ^-f -fr^^l ^'•B^-o^ nm^7]-;^l ^4x^1 

^£ ^^l^-a -B-^1*>^^i, AS. S.^]^ 7l 

^7l7l- ^i:fl^slfe <S^<»1 ^Tfi^r^. i4e1-Ai, o] '^^oflAi AlS-Sl ^^ofl 

^sfl^l- ^jlA^l- ^ o;t^ ^o14. :3.e1i4 7l^s^ CPWR ^2:'>il 

^Ife ^B^<^ Sit!: "34^21 ^^n^ *7}^^t^. 

<48> ^ ^x^o] o]^ji^> 7l^a^ SPR ^ CPWR €^^21'^ 

€el» <^l^t}: oli^l^ ^l^sfe ^om. 

<49> ^7) 7l^aj ^A^sf7) ^5><i^, ^ t^oflA^fe 7l^Sl SPR CPWR 

# ^^}%^ ^11711- ^:^l5H ^-^^^ ^^^>^ cfl^, SPR'll ^Isfl 

#=^-^(absorbance)# ^^^^ ^V-g-ttcf. 
<*1-1- ^bI-o^, ^ ^tg^ «:^^ol^r ^7)- £3^S.-#2l-S€- ^i^CActive Ion-Doped 
Waveguide-Plasmon Resonance : o]^- AID WPR) ^l^tbi^. 7]^s] ■^^^) 

« ^ Si^ 5Efe -B-7) "SSCdye)!- ^i"^* ^>-g-*V^ S-^^<^1 

Afl7l2l ^Sl-S-Ai <aA>^oj 1-^^^ cjol_ 
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1020010073283 ^^ ^^}: 2001/12/26 

^^1- SPR -ffl^l, ^ ^ tt^sl ji-^^ AID WPR ^ 

<50> ^^^] n)-# AID WPR ^^Ife, S^S ^^l^sVfe S. 

^ ^v^^ £^ aVB}-^ ^^ofl £^5lfe ^^nfl^ll- -^^"fl^l 

1- ^iM- ^^^s. "a^ei-fe -a^v** j£^) ^B]-o^ E^■^o)]^ 

<5i> 2.S.i4°l^^(photodiocle), % f'-^7l(photomultiplier, 

PMT), ^sl-;a^4i;^l-{Charge Coupled Device, CCD) ^fe ^^-g-^l* ^l-g-* ^ ^ 

4. £^1 ^^^31- ^^^1 avn^* ^^1- ^EflSl O^eflolS ^^S^V^. ^^"f-S. 

CCD afe- ^^^^IS ol-8-5l-^ z)- c^elloloi] tflsi) ^^21 ^11 7] sVojs 

^Sl- ^ ^feci). A).4e)^ se)#-& <:>^al *y-*J=o.S. t^Elfe ^ 
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1020010073283 ^^ <y^)-: 2001/12/26 

(2-photon or 3-photon absorption)© -f-Sfl "?J^>^^i^ ^sj-^s] 
^ Sife ^o] «>^2js}cf. Tm3+, Er3+, Yb3+, Ho3+fil- Yb3+S^ 

TmS+fil- Yb3+Sl 4^ -^l^r, Er3+^ \h^+s] <>]■& Tafi+&\- Nd3+ 

ol^ ^o]^. ^^^1 ^-^^ *^^ol^«>ll nl-eh 'S'^l-^sl sF^^ 

<54> -a-^a^l T^)^ S'S cf'S-'^l M-El-M-fe l-H^s&-£3iF 

^ ATR 21 71 (leaky) a.£7> i^^^ ^ o]^^ ^ ^^cfl, d]) 

■i- 1-<H 100 ifl^l 700 nm-a Si4. 

<55> ols>, ^-^^ ^2i3rM ^ ^^^^ 4^^^ -a^l*^!** 'S'Stbi^. 

^eli4, ^ ^x^sl ^-^HIS^ 71-^1 cl-s. ^Efls ^ ^ ^1- 

"SSI ig^7> oJ-EHoflAi ^s-^^i-fe ^ahi^s oisfl ^;gs|<H^lfe ^o_s. n^^^ 
^^^^ -a-^cf. ^ -a^H!*^ ^'a^]'=>l)^-1 x)^* 71-^ ;^Hl7fl 

^ ^"3* -acf ^^*>7l] ^'^*l-7l ^SflA-l ;^l^E)o1;^]fe ^A^]^. ^-at!- ^31^ 
^1* ^"1^4. M-<^>7K 5.^011^131 Cfoj:^ Ai<q- <a^-g- 711^:^ 

AS zi^^ ^ojcl-. ic)-2l-^i. ^ ^'g'S: ::iBl^ ^cl]2|oi 

sisfl ;iilt}-£l'>l;^l^] #^ci-. 

<56> i ^i^Sl 'S'^HHl AID WPR -fflA-lSl M-El-'fiCl-. 

<57> £. 6* %3i-s}^, ^ ^Al<moll rc|.^ AID WPR ^^^^ 

* £^1 ^i-e]-(i22)3|- i^) «i-Bl-(i22)sl <a^ofl S.<a5l^ -B-^i^'fl^KllO) 
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1020010073283 ^^ "^^y. 2001/12/26 

# ^-tidSO-e- -fr^Dll;*!! (110)1- S.^ «1-B{-(122)^S. ^A).*>^ 

S. S.'Sslfe ^1S(123)7> -^^l-s)^ ^^^1 ^^-(170)01 Si^t^-. o] -^^^ ^ 
^(170)<»ilfe ■a^V^dSDoll fi|sl) <^7)£)<H ^:t(139)# ^^effe «^ 171) 
°1 ^-frs]'^ ==r^-^(140)fe °] «-^d'>l^(171)o) ^^tt ^^(139)# 

>^l7l« ^5g^O.S4«|, AlS.(123)2l ^^1- ^^*f<^ 

<58> i^] wj-s{-(i22)^ ^(Au), -arCAg), ^e)(Cu), ^alS-(Si) ^ 7l)3 4^(Ge) 
ol^o^^ ^±S.^B\ <H:^ gl-L}^ ^ $X^^, =1- 35 ifl^l 50 

nm 'as.^m-. "Visits- ^^(122)'g- -fra) 7l:gr(121) *}^<^1 ^^S. -g- 

^"^21 AID WPR ^^i-Hl ^ ^4. -B-al 7]:a-(121)<Hl ^ 2 ifl^l 4 nm^ ^ 

ns. 3l■(Cr)E^ Hfe E]E^^(Ti)Bl-(nlEAl)^ c] H^t!- «^-^(122)* 
-frel 7l:^(121)'=>11 mtt H^l ^^•(122)21 ^7M« Si4 

<59> o] nfl, -^;aD)l5ll(llO)fe- -S-Bl 7^(121) ^^ofl n A>oloj| o]^^ 

^^(index matching oil, 120)°) X14. -fr^Dfl^KllO)^ 

^^^S. ^^(139)* ^^•¥■(140) ^O-S. ^ 

He)#*.S. ^A^sVfe- ^o] i3>^3)sl.^. ^:^v^mno), <im:ii Tfl^ ^^(120) 
^ -B-e] 7|^(121)s) ^-a^l-TlI slJl, <aAf^(i3l)^ ^A).Z}- 0S £^1 

^^(122)2] a^<Hl ^A).^c|.. 
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<60> Ais.(i23)^ 71^1, ^^1 ^ :n.n] ^ 3.^ #^2^ 'a-(phase)* 

-i-cM ^^oJI 5L^*>fe -¥-7>^?l ^^KnlSADl- 

<6i> ^ ^tgo^ ^Aloiloil 14s. AID WPR ^A-1^ -^^nfl^ldio), 01^^ °fl^1 Sl'U 

(120) ^ -R-El 7l:a-(121)* -i-^e><^ CPWRol -aol^fe ^l-E-oflAi S.^ 

(122)<:>I1 <aA>^ <aA).^(l3l)ol «1-51-(170)O.S. ^sj-Sj^A-l -B- 

^B]-(i70)oll ^-^^ *A^ol^(171)* "^^lAl^Jofl u^e]. o]s.^B] 
<i^(139)fil >Hl7l# ^^^t[, :es1>a- -^^°fl^l(110)Sl- <?l^:i ^ 

'a(120)2l ^1^<^A^ ^^(139)ol i+ife ^^S. 5.Al*]-55lcl-. ^^(139)21 ^]7lfe 

^'-Bi-C 170)011 Als(123)2l f^fl- ^ 'a=, #^1- 5E^ -^^^loll n\. 

el- ^^«1-S.S, ^^(139)^ ^-1171 iSS(-s:f.E^ ^o.^ o]z]^ a1s(123)# 

<62> ^€(130)^ "a^V^^S^^ TM-^^ (Transverse Magnetic polarized light) 
£fe TE-^ ^(Transverse Electric polarized light)* ^a>s>^ ^o] 
4. °1« ^«fl^ife ^€(130)01 ^^jzl- ^^^^l(nl£Al)l- i^s>iE^ 

^A^5>^ ^t)-. ^^(130)-a: <a^V*^S.Ai ^Al-gVi^ ^^^1-^ 

7^0] ^4. ole^^ c^-Aij 3§^^°1 cflia^-?! ojlfe eflfl;^^oli:l-. <aA>^(i3i)^ s. 
^1 ^^(122)<H1 cflSll Jl^^ <aA>z^-o.s. <aA>sl-7fl ^^^(150)9] Sl^ofl 

nl-el- -aAVzl-* 7M^^ ^^S] ^7]^: ^^tt ^ Sicf. 
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=T=^-¥-(140)Sfe iScfol^H-Cphotodiode), ^ ##7](photoinultiplier, 
PUT), ^sl-^^ih^^fC charge coupled device, CCD) ?}-^-§-^l -f-o] a)-^^ ^ 

^cf. ^^(139)<»1 ^^^(140)011 ^o)l ^Sh ^El(180)s)- ^^(190)# 

^o] ^c^l-. ^El(i80)» ^^(139)^ "a^l-^dSDSl 2|- 

^^l-^Sl-H ^£7> #7l-Elo^, ^S(190)<^lA-1 ^^S\0\ ^^-H (140)0)1 

4. 

-^^Sfl «i-Bl-(i70)^ SiOg^. AlgOs^, Ti02^. Ta20 5^, MgFz^^-, ¥203^, 
Te02^, PbO^, LaFs^, ZnSej-, ZnSee^", Si3N45]-, AIN^" ^ t>ll-2l 2:-^o.^ 

ii4 ^^(139)# ^ 9X^. c^m ^^1^ ^^ c^7] 

o]^^ 1:^^0)^(171)^ ^-B-s>^ ^'■^(170)* i^l wi-B]-(i22) 

SI E}^oi) £.a*>fe 14^3!). ^-^^ol-SrOl €4i afe ^ 

^-T-'^lfe-, ^^V'lJ ^a}-(electron-beam vacuum evaporation) 2.^ <g^ 

3}-(thennal evaporation) •g''^ -f-sl ^-g- ^z}- Sls><^ 2.5Lt>rt^. 

sl-H 9X^ ^7l7l- ;g-f7> tfl-Y-^oin^ o]^ nfl^ ^-^-a^ ol^ ±^ 
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7l#2l SPR ^tgzl-^ z^-£s. cl^^H o)-^^ "^^ofl-H >^>e|-^l 

^1^ CPWR ATR si 71 S-S-i-ol i+Emfet-il ^>^>^(13l)sl ^jg->a(TE-4 TM- 
^^)'H1 TE 3.^ ™ S.S.-1-ol uj-El-i-l-ji, ^jQol ;gjf TE S. 

= i4 TM £^.71- Jil^^S(alternative) i-fEl-vf 4. nj-el-Al , Ir^g «^1-&(171)<^1 ^-R- 

« -^^^ ^^(170)^ £ = #ol l+El-^ ^ =;5^1S 2.3LS1O10): 

*>fec)l, ^ *g>^>^(131)Sl 2l-^j2l- -^^^1(170)31 ^^l-ofl£ SI^SH 

^ 100 Ml^l 700 run 

(infrared laser) S UV ^^^^KUV upconversion) ^-S -i-«>)lAl §o] <g^E|c>l 

^e^Hlfe «:)1^# 1.4 fan cfl^sl ^^j-fh #^7|(optical fiber 

amplifier)-g- ^^^ol-Sr^S^i tfl^o] £]j7 ^^icjcl-. 

SE. %^jol^(171)^5.><.i ^ nf^ o^lSA^Sl Er3+fe, EDFA^l ^^^o] 

^aH1o)1 4^ AID WPR oje^^ Tm3+M- Er3+ ol^HJi Yb3+, Ho S+sf Yb3+ 

31 4^ ol-Sr, Tm3+5il- Yb3+Sl o]^, Er3+fil- Yb3+2l oj-g- Tm3+Sl- 

Nd3+21 o]^ ^o. ^o.^ ^ o^d- 
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<68> ^ 7^ o] f^oflAi Tm3+^ Er3+^ §^ ^ 7]^!- ^Bfifl^ 

i^^^l^^. ^4 Tm3+5l- Er3+^ ^^HlH^] §^ ^ ^J-^j=^ol 7l^» :^o^ 

<69> s. 7^ A<H1>^-1 1- ^ Si^c>l, 1 650 iim ^>^>^<^1 tfl^fl 

Tm3+^ 7l7:-1 ^^(ground state)^ % 3 ci7]^i:}-. 

%.3 ^7)^ Tm3+fe i-fr^ (fluorescence 1 ifet ime)-i'^ ^1 

^^1 (radiative transit ion) si- aj^A} ^o] 
(non-radiative transition) 7]^ ^h^s]- 3p^ ^o^6\] 

£^^>7fl Si:)-.3H4^ 3f 4 ^^o^l i^^V Tin3+^ 2 rl-A] 

650 nm 'S'^}^^! ^64 ^'^^ ^^^^l^^l ^64 § 

fl^-^Ei 3Hg ^^^^ ^oKspontaneous transition) 

z]-z}- 480 350 nra^ ^ UV IG4 'ti^ ^4 

7)0]^ 350 nm5) ^^2r>7)l ^4. 

<70> 2 ^;^H1^-1^ ^^V^^il 2-^7]^ 7l^]7]l ^4. 

^J4^<^1 tfl^ 3-^7V ^^1- 7]p^]7\] 5)^^ ^^S^V^ 47]^ "^MY^^ 

^y]^ wl^ltlrtf. ID2 ^^^1^1 7l;^i ^^^I'^l) 7)^5)^ 350 nm 

^J^>^^ ^fl7)7> ^g-t!: ^^<Hl>^i^ 7]^ MM^^] ^]^]^}^ ^^^^^ 
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^il7l7l- ^51-^ JE 6oflAi Al£.(i23)S^ ^^l-o] ^S).^ nil Tm3+ 

7} -S-^^ ^^t(170) lfl^§ -i-4«>fe "a-^V^ClSDSl >«fl7l7> ^«|-7l] ElJl 

ojoil T4el- Tm3+S-^E-1 ^^£)fe- 350 nmS^ -^^^o] ^^(139)2] -^il^lfe S^/.]-^ 
(131) ^il7lS^ Sl^ ^■11^1^<^] Hl3l)5l-<^ ^t}A] T^l^-fltb ^IfiSj 

♦ ^^<it|£. ^^17131 ^ $i<H, .^^^ ^efl^o] 

£ 7^ Bofl'^l 1- ^ Si*<^l, Er3+oll cH«fl^ife 800 nmS) <a^>^<^l cflsfl 2-^ 
7l?l ol^5].c^ 550 nmS] 7>a1^ai ^ ^cf. 

Er3+fe 800 nmSl "aAV^-^ sIsflA-^ 71^-1 ^EflollA^ ^^^2 ^^S. ^o]^^^^ ji-^ 

relaxation) 3]^^^ H^^/z ^l^^V €°mc1-. *h3/2 

^'S^ ^ msS. ffl-f ^ol'^i SJ^>^^ 2^1- <^7l^E|ll:^(excited 
state absorption)!- -i-SB 453/2 S'^^ '^7)s|b1 # <^l<H^l-c- 7]>| ^^S^l ^ 
A> ^o]6\] o^sj] 550 nmS^ ^^o] ^^Jitb^. 

ol^Tfl ^'■Bj-(170)<^1 ^-fi-^ 01^(171)^1 icj-el- <aAl.^(131)Sl ^■ 

^ SiJi oH t^el- ^^(139)sl 3^^£ ^^€^4. ^7lt!- 

*-^^<5l^(171)o.s.A-l Tm3+* ^-B-*)-^ ^-f-, "iJ-^f^Sl sj-^^ 650 run 
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^£lo^, o]6\] tq-s. ^^o^ 5).;^^ 350 nin7> ^v]-. ^^^o]^o^s.a^ Er3+* th-frsf 
^-^--Hlfe B|-^v^ 800 nmS ^^2] Bj-^J-o] 550 nm7l- ^c]-. 

Yb3+* ^-^«>^ ^-f<Hlfe <^'>'}%^ 980 nmS. ^^^1 4 

^o] 480 nm7> ^cf. ^ofl ^>^o1^o.^a^ Ho3+s1- Yb3+3l o]^, Tin3+sf 

Yb3+Sl 4^ o)^, Er3+fi|- Yb3+Sl o]^ ^. Tm3+2]- Nd3+2l o)^^ 

^fe- ^-f<^fe -a^^V^sl j^^^ zl-z^- 980 nm, 980 nra, 980nin ^ 800 nmS. *>o^ 
^^Sl z^-z^• 550 nm, 480 nm, 550 nm 5J 480 nm7> ^t^. 

S. 8a^ ^]S.S^ #^1: *e1*>^>^ -fi-^^l a!-H]-(i70)^SA^ 5]-o] ^ 

*ll7]- 133 nrn-a TiOa^* ^^5>J1, ^-l^fl -S-B-Slfe 01^(171)0.^^1 Tm3+-I- 
^^^V ofl 650 nmSl ^a>^^ o1^5><^ ^-fr 350nm -S-^^*^! ^7]^ 'U 

"a^Wl tflsH £^)tb n£flSo]j7, 5. 8bfe £ 8a°11^i AS S^l^ 
* :^cflt!: S-a-^lcl-. i Sa^f £ Sb^fl^^ (1)^ a1s7> (2), (3), 

(4), (5), (6) ^ (7)^ #S.-?-ElSl ^^1- ^^7> z^■z^■ 10-8, 10-7, 10-6, 10 
-5, 10-4 ^ 10-3?1 -a SI SI Al^o] ;g-foli4. at!-. S. 8cfe "a-^l-^* 61. 5245° S. 

Ji;^sfji #^1: ^^ofl Tm3+Sl 350 nm 47)2) ^^-l- 4*. 

^]S.7} 1-01 ;^ 47]^. 7]^o_s. «H ^l- ^IS. (2) tfl^l (7)<H) tflt!: ^ 

^ ^7)31 ut-Ef-di ^o)t:)-. ^JIS, -B-e) 7l^(121)ofl 2 nmS) -^^)s 

E]E)-^nj-^ S-itb c)-^ £^fl ^>5|-(122).^S.Ai ^ -^1 ^ 45 nm £i 

S. 8C» 10-7S1 ^^1- 10-83) ^^o)l tflsfl 

-•■is. 0.8%<H) ols.^ ^7]s] ^^1- jioi^cfl, •a^aj'?! =T^^-^s) ^ 
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^*fl¥ol 0.2% ^IE.olS.S. ^ ^i^ofl 10-8 o]sl-Sl nln]^ ^^-f- ^^E. 

JE 9afe Also] ^^s. ^El«|-^Ai -^^^1 e]-B^-(i70)o.s.A-1 vC^^ ^ 

^17> 183 nm?l Ti02^# ^^sVjI. o]'^ o1-&(171)AS.a^ Er3+^ 

^^t!- 800 nmS] ^a]-^^ <^1-§-5>o^ 550 nm 'S-^^c,] a]]^]^ 

^A>^21 -aAVzl-oll cfl§>(^ JEAlt!- ZlEflSolJl, S. 9b^ JE. 9a<»)lAi BS. Sa]^ «. 

^"fl^ JE^om. £. 9aSl- 3E. 9boflAi (1)^ X\s.7} (2), (3), 

(4). (5) ^ (6)-g- l-S.-¥-EiS) z]-z]- 10-8, 10-7, 10-6, iq -5 ^ 

10-4«?1 <aslSl Als?l ^-f<5l4. E 9c^ 'U^M-^ 61.55irS. JL^^^lJL ^^1: 
^^ofl n)-a. Er3+Sl 550 nm ^^17131 ^^1- ^^t!: 4-g-, ^]M.7} 
21 ^•il7l-i- 7]^o_s. zl- A]a (2) ifl;^] (6)ofl cHt!" >^l7lsi 
* M-Ef-^ ^014. %jis., -^el 7l^(121)o)] ^1= 2 nmSl e1e]-^51-^ £i 

t!: 4# 3E.^ ^^(122)AS.A-1 ^ 711^* ^^SH 45 nm E5.*>Sc|-. 

S 9cl- %2i€[^, 10-821 ^^1- ^^ofl tflSflA^S 0,e%<^ ole^ 
7l2l H-ycf. "a^^loi ^ Al^ ^«ll^o) 0.2% ^ 

'&^<^ nl-e.^ 10-8 ol^l-si xi\xj]^ ^2|.£ ^^gol 7>^^^ ^ $X^. 

'421-Ai, ^ ^AHH nl-s^ S-^^ol^r(171)ol 'aA>^(i3i)o)l oi«i) o^7lslol 
'^sj:^o]^o.5.^ ojAl.^(131)<Hl tilsJI cj-^^sl ^^(139)^ *^el-^ ^^o] 
SPR^l- ^^^o.^^, 'aAl.:^(i3i)o) oiAfzl ^^o)l d]^ «-A^o]^(171)2] 
'H171S1 ^^#e.l ^cfl^^rl-. oloil nl-el-, ^ ^^ofl r£|.s. ^a^s) 7]^^ 
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SPR lOOHfl 7]-^ ^7}£[s.s. 71^3] ^'"•isfe ^ Siia><i Als. 

E. 10-g- -g- ^"^a) 'aAl<^l<>|] ir)-^ AID WPR ^Inl^i Al^^^sj ^^.^ ufg^^^ 
E 10* 5. 6^ AID WPR -ffl^^l cfl^lS. -B-^VsV^, 

4 -fr^^l ^i-B^-o] ^;^} ^Eflol cH 511c,] (122a, 170a)S sl<H^l^ °1 
2^ AID WPR olB)^ A]^^^ SPR* ol**><^ <H 51101(1223)011 ^ 

^1S(I23)S1 olnl^is ^ €21^ «Vfi1- ^ 

^ Ji-B-tl- AID WPR ^A-i -QElsi)- ^^Br>D^ ;^Hlt!- ^'S^ c)-'?>, 
^^■¥-(i40)SA-l ^«>^l-i;^l- ^^-g-^ll- ^11@!*H. *^^<>l'8r(i7i)oi 

tl- E^l ^el-sl <H 5)1 ol( 122a) ^^sM ^^2] xfljHl nfel- aIs. 

(123)21 o]v,]:^]s. ^, H^I <>leflc.l( 1223)011 tflgfl 

^^Sl ^l7l ^l-ols^E] ^ol^ ^s]] Alfi(i23)al oln]^]l- ^^tF 

^, ^ *^2l ^Al<4loi] u^-s. AID WPR ol^l^l Al^^ej^ -ft-^Bfl^KHO) , o] 
Dfl^ ^■a(120) ^ -fi-el 7l:Q:(121)# ^^s>o^ CPWR^l ^olM-fe- »^ zl-£ 
oll^i i^l aj-B]- olefl<il(122a)'Hl 'U'^M '^''-l-^dSDol -^^^ ol5flol(170a) 
S. n^^s\o] ^s)-sl^Ai -^:a^l ^1-^ <^Ellol(170a)ofl «:^^°l«r(171)* 
<^7lAl^oll ttl-Hl- o]s.^^] ^^(139)51 >Hl7ll- ^^^4. ^^(139)31 

^y]^ -B-^^1 «1-Bl- <H ell «=>!( 170a )'>11 ^^51^ Als(123)al <a=, ::i S.^^ 
^ojoi] ttj-el- ^SI-SVS-S., ^^(139)^1 >Ml7l ^5l-S.-?-E-l oleitb a1^(i23) 
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<8o> «-^^<5i-8-(i7i)oi <a>^>^(i3i)°)) ^«)) <^7)s]o] -a-^^oif-o.s.Mi <aA>^ 

(131)ofl ^4^31 ^^(139)* ^^*>fe ^^<^1 SPR^l- 4^5)<H, SJ'^}^ 

(131)21 <QA}Z^ ^^<H1 tflt!- #^^«>l-g:(171)2l ^fl7)S] ^Sj-^^l ^tl]S|-^<>)] 

ttl-e}. ^ ^'^ofl nl-^- ^l^^l^i Al^^ii^ 71^3] SPR -ai^i ^l-g-^fe 
Al^^ofl Hl^ 10«I1 ifl^) lOOBll 7}^ ^7}^ ^35.1- Ajssj o]^]^] 

<82> ^7)31 ^A1<:41%C.|1A^ tgB^sVTfl ^ ^^°] , ^ 711^151.^. AID WPR 

AjlXi ^ O]0l^ Aj^Efl 2.^ «-A^o]^^ ^7f*> -^^n] 

5)^ 
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^S|-£ 10-6 ol§>2l ^sl- ^;^oi ^ 

7l-^€ SPR -iA-^ofl alsflA^ loOHfl 7>^ ^^1- ^m^o] ^ 

tgSl ^ olTil^l Al>,^^ ol-g-^ l-^i-^ -S-^<H) 



■«1 
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11 

l-el-a:^ (Surface Plasmon Resonance)^ ol^^H S^l '^^s}-©]) 

-B-^Dfl^^ ^lv+ ^71 2.^ ^^^S. "aAV^Vfe <aA>:^^ ^A>S>^ :^ 

21 

1 'toil 9X<^^^. -i^^l -^7] ^^2) ^17)S-^E1 ^7) ^ 

^1- "S^* ^^^sM ^71 A]S.3\ % 5>7li4 Ajs. 
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31 

^1 1 ^<=11 -^y] <aAl-:§-o.^A^ TM-^^(Transverse Magnetic 

polarized light) SEfe TE-€%(Transverse Electric polarized light)* ^^}^ 

4] 

^S. SV^ 5.^ . 
51 

^1 1 9X^^^, S^l ei-°]--g. #(Au). ^(Ag). ^2l(Cu). ^el^ 
(Si) ^ 7fl=T^Vfr(Ge)^S. ol+ol^ -a^^ <Hi^ «>M-^1 ^* ^^Sj^l 

61 

^1 5 S!X'^^^, -a-?! £^1 ^Tllfe 35 50 rLm°l 

71 

^"fl^ife ^7i 7)^ ^^ofl £<aE)^ ^^±s. *>fe a.^ ^ef^-s- * 
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8] 

l^^^j- 91 

(index matching oil)<*l 7ll;«ll5)o1 Slfe" ^* ^^-^S 5>^ S.^ -f-el-^S- 
I^^«J- 101 

^1 1 SZo1'«>-1, ^7) ^^-^fe iESt1-o]^c(photodiode), ^ f'^?) 
(photomultiplier, PUT), ^sj-^^Jt^fCCharge Coupled Device, CCD) ^ ^^-g- 

I^?*^ Ill 

121 
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r^^*^ 131 

[^^^ 141 
151 

1 «J-=H| Si<^>H. ^7) H]-^^ Si025t, A12035]-, Ti02^-, 132055]-, 

MgF2^. Y203^, Te02B^, LaFs^, ZnS^, ZnSe^, Si3N4^. AlNe| ^ ^ll: 

S] 2:^6.3. o)^ol^ ^o.s.^El <^}=L «T-M-ol sl-fe S.^ 

[^^* 161 

(dye)S oi^o^^ S^S-^E-i <^i^ sfuj-^ ^^'^S. sj-fe a-a #e|- 

2.^ ^"S ^^i. 

[^^* 171 

^1 16 ^"^l ^o]^, ^7] ^^io]-&-8r 2-%:^} £fe 3-^^)- #^(2-photon or 
3-photon absorption)* ^J-7l "yAj-^iicf ^^1- ^^1- ^ $1^ 
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[^^«cl- 181 

^1 1 %l<^^i, l-^^ol^:^ Tni3+, Er3+, Yb3+, Ho^+sf Yb3+2l 

o]^, Tm3+sl- Yb3+2l c]^, Er3+fi1- Yb3+2l o]^ Tm3+fi}- Nd3+sl 

ol^<H^ -g-^S-^-El <Hi^ «>M-?1 O-S Sl-fe- 5.^ 1- 

191 

^ 1 *J-<H1 Sl<=>1^i, ^^1 l-^dcl^-S: Tin3+olJi >^7] <U^M^ 650 nm 

[^^■t 201 

^1 1 *J-°fl Si^H^i, Er3+olJl <aAl.^sl 21-^^: 800 nm 

s><^ ^^2^ 4:^0] 550 nm"?l ^* «>fe 9^2.^ 

211 

^1 1 #-*^<^l'8:'8- Yb3+olji ^7l -a^l-^si sl-;^-^ 980 nm 
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[^T^^cJ- 22] 

^}%^ 980 nm^ ^><^ ^^7] ^-^o] 550 nm?l ^^^A^ ^>fe 

[^J^^J- 23] 

^}%^ 980 nm^ -^^^7] 4:3-0] 430 nm?l ^^^^^ ^fe 

[^^IJ- 241 

A>^o^ s^.^^ 980 nm^ ^7] 3^^o] 550 nm*?] ^-i: ^^ij^^ ^1-^ 

25] 

>^>^^ 800 nm^ ^l-<:^ -^71 ^^9] 11^:^0] 480 nm?l ^-fr ^^^^^ 

[^^^^J- 26] 

^1 1 ^J-7l ^^^^^ ^^]^ l-^^^f cf^^i 

M-Efq-^ #51-^^-3^5^^ (Coupled Plasmon-Waveguide Resonance) ^ 
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^^'^Kattenuated total reflection) el leaky) 3.^.7}- ^^"^ ^ 

27 J 

^1 1 •^•Hl $I<>l><-i , ^7) aV^Sl 100 vfl^l 700 nin ?1 ^* 

[^^*J- 281 

S\- ^7] AlS.o^ ^^011 S^em -¥-71-^ ?1 ^^1* C] i^effe ^ 

291 

S.^ ■g-'^ (Surface Plasmon Resonance)* <^l-§-s>ol £.^1 

^71 H^l OlEflo] ^^ofl £oJ5j^ -a-^nfl^l; 

-^^anfl;*)!!- ^8-71 £.^1 <^5il<ilS. ^A).Br>fe ^A].:^-^ ^A> 

21-31 S.S[S. «]-:£S. >^7l HJ-DV oieJloisi e1-^o|1 

■^7] <>|eflol2l ^cfl^A^ 5.<aE)^ A]S.7l- ^^Slfe -B-^d^l «^-Bj- 
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o]i]]o]ygs. ^7] A]SS) olnl^ll- ^^t}^ i^-^f^ 
301 

^1 29 ^ofl $i<^A-1, ^7) ^^-^^ ^i5V^^i;=^KCharge Coupled Device, 
CCD) ^^-§-^1?] ^^'^s -tel-a^- '^li^ilS. 

311 

^1 29 ^oll ^<>1-<-1 , ^7) <aA>^o.sA-1 TM-^%(Transverse 

Magnetic polarized light) SE.^ TE-^ ^(Transverse Electric polarized light) 

321 

[^^^ 331 

^1 29 *M ^'^M, -^7] £^1 yj-s]- <HEflolfe ^(Au), «r(Ag), ^el(Cu), 

^Bie(Si) ^ 7llsc>^(Ge)^S. oi^oi^ ?0-S.^El o^i:^ *>q-oi 

l^^^ 341 

^1 33 ^'Hl Si'^^-I, -^-7) £^1 ^^Ife 35 - 50 nm-?! ^* ^ 
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351 

^71 -B-^'^flsilfe -H-el ^^<^fl £<y5lfe ^* ^^^s. «m €e1- 
361 

^1 35 Si'H^i, i^l '^efl'^]^ -e-el ^l^Sofl tflt!: 
371 

41 35 *J-<^1 Si^l^i, -^-71 -R-el 7^21. -R-^nfl^i AVoHi oiaj>, xifl^i 
(index matching oiDo] 7ll;t1l5|ol ^^-5.3. *e^^^ 

olnl^ Al^^. 

381 

41 29 Si<H^1. -8-71 -B-^"fl*llfe ^WelS ^^'^s. 
391 

41 29 Sa'H'^i, -8-71 *^^ol^:°l *^?!- ^^o] ^:£7} #71-51 al ^7] 
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401 

^1 29 %H1 5^o]A^^ ^7) ^^^^ ^%o] :^^S\o] ^^y] 

411 
421 

^1 29 *J-<H1 Si^l^i, ^7] ev'q- olEllol^ 5102^1-, Al203Bj-, Ti02^. 

Ta205B}-, MgF2^, ¥203^, Te02^ . PbO^, LaFs^, ZnS^^-, ZnSe^-, Si3N4^, AIN 
^ ^ <»msl S^AS. ol^<H^ 5-AS.-^Ei A^^^ o]}=. s>q.oi o.^ 

431 

{clye)S ol^ol^ ^o.s-¥-El o^i- s].q.o] ^o. ^.^g o.^ g.^^ 

[^^^ 441 

^1 43 ^<^^^, ^7) *^^ol-g:^ 2-^?c> 3-^:^} l^^(2-photon or 

3-photon absorption)-!- -f-SH -^7] "yAj-^jicf la-sj-^al ^Jf* 4^ 
*-^^°l-S:'?l 53* *ef^€- -g-^ c-lDl^i Aj^e^. 
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451 

^1 29 ^oj-^-l, ^7] *^Jol^^ Tm3+, Er3+, Yb3+, Ho3+s)- Yb3+sl 

<^1^r, TmS+sl- Yb3+51 o]^, Er3+aq- Yb3+^ o]^ ^, TmS+iq- Nd3+^ 

l^^^^ 46] 

^1 29 «J-<K1 Si<H>H, 'S-^l Tni3+olJi .^71 °^'>^}^2] 650 
nmS. S><^ ^71 ^^^o] 350 nm^ ^^'^S. s>fe #ef^& 
d>]n);^l AjihES. 

(^^%^ 471 

^1 29 SX°^^^, ^71 Er3+olJl ^7) SJ^V^^^ j^^^, 800 

nmS. s><^ -S-71 ^^Sl 2|-^ol 550 nmt! ^* ^^^S tel-^^ 

[^^^ 481 

29 «c!-'Hl Si<H^H, ^7] Yb3+olJi -^71 j^:^^ 980 

nmS. 31-'^ ^7] s^^o] 480 nm?l ^^'^S. Sj-fe l-eh^^ "S-^ 



49-38 



1020010073283 %^ <Q:^}: 2001/12/26 

491 

A>:g-sl s|-^^ 980 maS. t}c^ ^7] st-^o] 550 nin?I S>fe 

50] 

A.}^^ 980 nmS. *><^ ^7] s[:^o] 480 nin'?! 

511 

A>^3^ 311-^^ 980 nmS. SF<^ >S-7l ^^S^ 550 nm?] ^.^ 3:>fe- 

521 

A>^fil 800 nsoS. -^7] %%3] ^-^^o] 430 nm?! ^^^S. 

531 

>]1 29 «j-<^) Siol^i, 4I-7I -^^s)] wV5]-o^ ^^^1^ s.^ l-aFao)- cf-g-oi] 
14^14^ «e1-^-S-E.Bl-S. (Coupled Plasmon-Waveguide Resonance) ^ ^ifl 
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^i^-^VCattenuated total reflection) el?l(leaky) i+El-^ ^ 

[^T^^ 541 

29 ^<H1 SJ'H'H, «vnj.ai 100 700 run <?] ^* 

55] 

cisq- -^7] Al^Sj ^^oil ^At!- i^«>fe ^7>^?1 i^s>fe 
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